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(54) Printer and method of compensating for malperforming and inoperative ink nozzles In a print 
head 

(57) Printer and mdthpd of compensating for inoper- 
ative nozzles in a print head. The printer (10) pomprises 
a print head (40) ar^ of riozzles (50) .formed 

in the print h«^.: j^^^^^ nriay bei 

inoperative and at liBiia^ 

operative. A detection system (32i5) is coupled to tfie 
nozzi es for detecting the inpp^rative nozzle. A computer 
(90) is connected tb th 

ing printing function of ttie inoperative riozzle to the 
operative nozzle, so ttiat a sui^ble outixit image is 
printed aftiiough some nozzles are inoperative. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] This invention generally relates to ink jet printer 
apparatus and methods and more particularly relates to 
an ink jet printer and method of compensating for malp- 
erfbrmlng or inoperative ink nozzles in a print head, so 
that high quality images are printed although some ink 
nozzles are malperforming or inoperative. 
[0002] An ink jet printer produces infiages on a 
receiver by ejecting Ink droplets onto ti^e receiver in an 
imagewise fashion. The advantages of non-impact, low- 
noise, low energy use, and low cost operation in addi- 
tion to the capak)i(lty of the printer to print on plain paper 
are largely responsible for tiie wkle acceptance off ink jet 
printers in the marketplace. 

[00031 K is known that quality printing by an ink jet 
printer requires repeated ejection of ink droplets from 
ink nozzles In the printer* print head: hkjweyer.sprnei^ 
these ink nozzles may mafperform. That is, some ink 
nozzles may indeed^'ecl ink droplete; however, the ink 
droplets are ejected along a tiaje<rtory deviating frorn 
the droplets* desired trajectory, ther^ leading to arti- 
facts in the printed image. Also, some ink nozzles nrtay 
eject ink droplets having ink droplet volumes eitiier less 
than or greater tiian the desired ink droplet volume. In 
addition, some ink nozzles may eieci ink dropliete at.an 
undesired velocity. Moreover, some ink nozzles may 
completely fail to eject any ink droplets at all. When 
such malperforming nozzles are present, undesirable 
lines and artifacts will appear in the printed image, 
thereby degrading image quality. Also, when nozzle fail- 
ures occur, unprinted lines will appear in the printed 
image along the direction of print head movement, 
thereby greatiy degrading image quality. 
[0004] Malperforming and inoperative nozzles may be 
caused, for example, by blockage of the ink nozzle due 
to coagulation of solid particles in the ink fluid in the 
nozzle. Malperforming and inoperative nozzles may 
also k>e due to inadvertent presence of foreign partides 
in the ink or faulty nozzle holes in a nozzle plate 
attached to the ink nozzles. Yet another reason for 
malperforming and inoperative nozzles may be inability 
to activate the Ink droplets when required. That is. ink 
nozzles may fail to eject ink droplets as desired due to 
failures in an electric drive circuit which activates the 
nozzles in order to eject ink droplets. Moreover, ink noz- 
zle maiperiormance due to failures in the electric drive 
circuit may give rise to ink droplets not having either a 
desired volume and/or a desired velocity, which in turn 
produce Image artifacts. Also, such malperiorming noz- 
zles may only malperform intermittentiy That is, such 
malperforming nozzles may operate as desired for a 
time and then malperform for a time only to return to the 
nozzle's desired operation. Moreover, in tiie case of 
thermal ink jet print heads, resistive heater elements 
that are in heat transfer communication witii tiie ink in 



the nozzles for ejecting ink droplets may become 
degraded tDy repeated on-off heating duty cycles. Such 
heater element degradation compromises ability of tiie 
heater elements to supply tiie desired amount of heat 

5 when activated. For example, if a degraded heater ele- 
ment supplies less that tiie desired amount of heat to 
the ink. then an ink droplet may not be ejected from its 
associated ink nozzle. Therefore, it would be desirable 
to unclog such malperforming or inoperative ink nozzles 

10 or otiierwise enable such malperforming inoperative ink 
nozzles to produce quality images. 
[0005] Techniques for pMrfni^ nozzles are 

known. For eocarhpl^^^^ U:$. Patent 4.48^ 
det^or that dete<^ nozzle^ 

IS lets. A nozzle purging operation then pccur^ : wfien the 
dogged ink nozzle are detected. As anotiier^e^ 
US Patent 5,455,608 discloses a sequence of nozzle 
deau'lng procedures of increasing intensity u^^^ noz- 
zles no longer ^1 to ej(^ ink droplets. Slnillar 

20 dearing tedirtiques aw <fiscj<»^ i^^^ 
4.166^353 arid yS^I^ 

[0006] However; t^^^ art referred to her^nabove 
appear directed to rec?pvery proMdMr*^ when a nozzle 
completely fails to eject ah ink droplet Thus, tiiis art^ 

25 appears to ignore tiie case in whidi, altfiough tiie 
purged nozzle ejects an ink droplt^, the droplet non^ 
theless does not po^es^ desir^^ (for 
ecample« desired trajeptpry.^^d^^ 
Moreover, the art riBferred to hereinabove appear to 

30 ignore the case in which not all failed nozzleis can be 
recovered to b^ifurtctipnal rner^^y l>y pertoTO 
dearing operations (for examr^e, wiping, purging, 
©ctensive firing auK^ like). For exauriple. solid c^ 
lates in tiie ink bloddng the ink riozzies may strongly 

35 resist removal by riQzzle dearing operations; Tliat is, if 
only some erf the iplid coagulates are rerrKiyed/ then an 
ink droplet wiir eject; however; the Reefed ink^ d^ 
may not have the desired tirajectdry, desired voliimei 
and so ori. Moreover, such nozzle dearing operations, 

40 even if successful in removing solid coagulates, cannot 
repair failed resistive heaters or failed el€M:;tric driver dr- 
cults. Of opurse, presence of such permanentiy malper- 
fonning or inoperative nozzles compromises iniage 
quality 

45 10007] Therefore, an object of the present invention is 
to provide an ink jet printer and method capable of com- 
pensating for malperforming and inoperative ink nozzles 
in a print head, so that quality images are printed 
attiiough some ink nozzles are malperforming or inoper- 

50 ative. 

SUMMARY OF THE INVENTION 

[0008] With tiie above object in view, tiie present 
55 invention is defined by tiie several daims appended 
hereto. 

[0009] The printer comprises a print head and a plu- 
rality of nozzles formed in the print head. At least one of 
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the nozzles may be inoperative and at least another one 
of the nozzles Is Giperative. A detection system is cou- 
pled to the nozzles for detecting the inoperative nozzle. 
A computer is connected to the detection system for re?^ 
assigning printing: function of the inoperative nozzle to $ 
the operative nozzle, so tiiat a suitable output Image is 
printed although some nozdes are inoperative. 
[0010] A featijre. of ttie pi^i^orit invention is the prpvi;' 
sion of an ink jd printer 

ing operative ink hozzies that are capable of 
compensating for malperforming and inoperative ink 
nozzles. 

[001 1 ] An advantage of the present invention is that 
qualhy images: arie^isri 
zles are nwlperiprming or inoperative.- 
[Q0ii2]: Anotf^ 
that lifdtihrie of %ie 
printing costs are reduced. 

[0013] These and other objects; features and advan- 
^ges of the present inventton will become apparent to 
those skilled in thie aH i^ikin rt^ fdildwihgi 
detaiietd desMSriptibh yi^ in conjunction with the 
drawings wherieirlthW^^^ 
tive enibodiments Of the inye^ 

BRIEF DESCfiiPTiON OF THE DRAWINGS 

[0014] While the spedficatibn concludes with dalms 
particularly pointing-out and distiri^ dairtung the sub- 
ject mattldF dl the present; inveritic^^ rt is beiiWed Ithe 
invention will be better unders^^ from the fdllbvinng 
description virtieifi itakea With ■ tH6 

pani^ngdifavi^riigs Wher^^^^^ 

Figure 1 is a view In jserspective of a printer with 
parts reiraved for darlty; . 
Figure 2A illustrates a first nr^lsk pattern produced 
by an operative nozzle of the printer during a first 
printing pass; 

Figure 2B illustrates a second mask pattern pro- 
duced by arii operative hdzzie of the printer during a 
seobirid prihtihg pas^; 

Figure 3 illustrates a first algorithm for acquiring 
nozzle performance infbmnatbn (that is, nozzles 
operative, malperforming or inoperative): 
Figure 4 is a plan view of the printer, with parts 
removed for clarity; 

Figure 5A illustrates a first mask pattern produced 
t3y an inoperative nozzle of the prirrter during a first 
printing pass; 
Figure 5B illustrates a second mask pattern pro- 
duced by an operative nozzle of the printer during a 
second printing pass; 

Figure 5C illustrates a test image for detecting 
malperforming Ink nozzles as well as fully operative 
ink nozzles; and 

Figure 6 illustrates a second algoritiim providing 
image processing steps which result in compensat- 



ing for malperforming or inoperative ink nozzles. 
DETAILED DESCRIPTION OF THE INVENTION 

[001 5] The present description will be directed in par- 
ticular to elements forming part of , or cooperating nx>re 
directiy with, apparatus in accordance with the present 
invention. It to t>e understood that elements not spe- 
cifically shCMm or described may take wto well 
known to tirose skilled in the art. 
[001 6] Therefore, r^erring to Rgs. 1 , 2A and 2B; there 
IS shown a printer/ generally referred to as 10. for print- 
ing an output irriage 20 on a receiver 30, which may be 
a reflectiV€Htype recehrer ;(fbr e^^ paper) or a 
transmtssive-type receKfk^ exarrple, ti^^ 
Printer l6 pririts inriage 2^^ head 40. 

whfch is ah inKi jet pflrit^l^^ iilk 
ejection noaudes : 50^ Fbr reasbhs dls^ 

dosed hereihbelbw, eadi nozzle 50 is assigned a 
unique Indiw nuiT*>er ''Klj", wher^i = 0. . . M. Here, tiie 
value "M"may be equal to the total number of noales 
50 formed in prirrt head 40. Byway of example only and 
not by way of limttatibn. tiiere rnaybe 200 index num- 
bers Ni where 1^0 to 199; That is. there may be 200 ink 
nozzles 50 in print head 40. 

[0017] Refen-ing again to Figs. 1 . 2A and 2B. It is seen 
tiiat prirrter TO generally comprises the following compo- 
nents: (a) a rotatatDle platen 60 and a receiver guide 70 
for translating receiver 30 with respect to print head 40; 
(b) print head obntrbl electronics 80 connected to print 
head 40 for cbntroliihg activation of noztl^ 50 ih^ 
hiiaid 40; (c) a i compi^ 

control eleicarohics 80 fbr ^rovkiir^ imaig^ data to print 
head control el^ronicis SOr (d) an image pro^^ 
coupled to computer Sk) for processing the digital image 
data; (e) and motion contrdfelecb'onics 110 associated 
with print head 40 and platen 60 for controlling transla- 
tion of print head 40 and rotation of platen 60: Each of 
these components in addition to other comppnents 
defining the inveritioh are described more fully herein- 
below. 

[0018] Still referring to Figs. 1 , 2A and 2B. printer 1 0 
further comprises a print head transport mechanism, 
generally referred to as 120. Print head transport mech- 
anism 120 is coupled to print head 40 for reciprocating 
print head 40 with respect to receiver 30 along a direc- 
tion illustrated by a double-headed arrow 125. In tiie 
preferred embodiment of the invention, print head trans- 
port mechanism 120 includes a first motor 130 engag- 
ing a gear 140, which in turn engages a pulley-belt 
assembly 150. Pulley-belt assembly 150 moves print 
head 40 with respect to receiver 30 along a fast scan 
direction as lndk:ated t^y anrow 125 when first motor 130 
operates. AKhough not shown, print head transport 
mechanism 120 may further Include positional feed- 
back, a liner encoder, and a direct current first motor 
130. Alternatively, print head transport mechanism 120 
may be a screw-driven arrangement having an elongate 
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lead-screw (not shown) extending parallel to platen 60 
and threadably engaging print head 40 for reciprocating 
print head 40 along a longitudinal axis of the lead-screw. 
Moreover, printer 10 also comprises a receiver transport 
mechanism, generally referred to as 160. for translating 
receiver 30 with respect to print head 40 along a direc- 
tion illustrated Ijy an an-ow 165. In the preferred embod- 
iment of the invention, receiver transport mechanism 
160 includes a second motor 170 connected to motion 
control electronics 110 and engaging a gear arrange- 
ment 180. Second motor 170 operates platen 60 by 
means of gear arrangement 180, such that reiceiver 30 
moves in the direction of anxwv 165 and slides along 
guide 70 when second motor 170 operates. 
[0019] Refening yet again to Figs. 1. 2A and 2B. adig- 
ital image source 190 is connected to computer 90 for 
supplying an input digital image {not shown) to pompur 
ter 90. which input digital irrage cornprises a^ p^ 
pixel values characterizing the digital image by pixel 
color, pixel location. 9ind 80 oa In this regard, digital 
image source 190 may be a digital ca^ 
the W^B (also not shown). Alterhatiyely. this iriput digitel 
image also may be created on coni|3uter SK) t^y m^ns of 
a suitable user interface that may indude a dl^lay. a 
keyboard, a stylus, and/or a "mouse" (also not shown). 
Computer 90 preferably includes at least one communi- 
cation port (not shown) for transfemng image files and 
other infomiatfon to external devices, such as a cpnpu- 
ter network mass storage area. A nozzle performance 
information source 200 is stored in a memory (not 
shown), v^ich is connected to computer 90, for supply- 
ing information to computer 90 about performance of 
each nozzle 50. In this regard, the nozzle performance 
information supplied to computer 90 specifies whether 
each nozzle 50 is "malperforming". "inoperative" or 
"fully operative", as described in detail hereinbelow. 
[0020] In addition, in ink jet printing, an image row is 
often printed in more than one printing pass for at least 
two reasons. First, risk of ink coalescence on the ink 
receiver is minimized because only a subset of all 
image pixels is printed in each printing pass, this also 
reduces probability that ink spots at adjacent pixels will 
be in liquid contact. Secondly, visual artifacts caused by 
variabilities between ink nozzles are reduced. Such var- 
iabilities may be due to variabilities introduced In manu- 
facturing the print head. In order to amelioratie such 
variabilities, each image row is printed by more than one 
ink nozzle in more than one printing pass. Therefore, 
variability, such as en'ors in ink drop placement or ink 
drop volume, tjetween ink nozzles 50 can therefore can- 
cel each other and make image artifacts less apparent 
to the naked eye when nnore than one printing pass is 
made. 

[0021 ] Therefore. Figs. 2A and 2B illustrate printing of 
a single image row 210 in two passes when all nozzles 
50 are fully operative. The tenninology "fully operative" 
with respect to nozzles 50 is defined herein to mean 
nozzles 50 that eject ink drops having desired charac- 



teristics, such as desired ink drop trajectory, desired ink 
drop volume, and desired ink drop velocity. Entry values 
of mask patterns in image row 210 comprises a plurality 
of pixel locations 220 having pixel location index num- 

j bers Pq. where 1 = 0... M and j « 1. . . C. In this exem- 
plary embodiment of the invention. "M" is the total 
number of pixel rows that extend horizontally on 
receiver 30 and "C" is the total number of pixel columns 
that extend vertically on receiver 30. Thus, the subscript 

10 T for pixel location P|j denotes a row location and tiie 
subscript "j" for pixel locatfon P-^ denotes a column loca- 
tion. Therefore, location of each pixel in image 20 can 
be described by its tyvcxlimensional pixel focation 
number P|. However, ft should be noted that values of 

IS Pq are values for mask patterns in irnage rt>ws 210 
rather than pixel values (Obtained frorp the digital input 
in^ei as disclc^ecl m Jri order to 

determine wh€4^ 

value and tfte plxel v^lue from the digtta^l irput image are 
20 IpgicaUy niu^ 
'operatipri}^ ; • ■ : 

10022] Referrlngfo^ 28. rt rnay be apf>r^ 

ated tilat a pkfefetiy o^ printer 1 pha$a^^ 
50 operative. Tlie printing jproces^^ Tedeiyer 

25 transport mechanism 160 positions receiver 30 so that 
image row 210 comes into registration vyith nozzles Nq. 
Next, print head transport mechanism 120 translates 
print head 40 alorigthe fast scan direction (that is. direc- 
tion of arrow 125)16 r^nt a swath plane cornprising M 

30 image rows. More specif ically. image row 210 is printed 
usirigafiretm^ 

printing pass. f=^or purposes of lllusibHtion^ Ifrisi rrjask pat- 
tern 250 for nozzle 50 Is illustrated as containing entry 
values of "0*s" and "1". where tfie entry value of "1" is 

35 used herein to indicate that nozzle Nq has been enabled 
to print a pixel at a predetermined pixel value at pixel 
location Pjj and the entry value of "0" is used tietfBin to 
indicate that npzzleMo has been disabled to not print a 
pixel location P|j. 

40 [0023] Referring to Fig. 2B. receiver 30 is advanced by 
receiver transport mechanism 160 so that iniage roW: 
210 comes into registration with nozzle Nicm). At Ibis 
point, the next swath plane of image 20 is printed. More 
specifically, image row 210 is printed using a second 

4S mask pattern 260. As described hereinabove, tfie val- 
ues of "O's" and "Vs" at pixel locations Pq in second 
mask pattern 260 represent enabling and disabling, 
respectfully, of printing at each pixel for that particular 
pass. 

50 [0024] Referring again to Figs. 2 A and 2B. enf y val- 
ues in second mask pattern 260 are complementary to 
values in first mask pattern 250. That is. where an entry 
value of "0" appears in a column "j" of first mask pattern 
250. such as at pixel location Pq.i, a complementary 

55 entry value of "1 " appears in the same column "j" of sec- 
ond mask pattern 260. such as at pixel location Pioo, v 
Conversely, where entry value of "1" appears in a col- 
umn "j" of first mask pattern 250. such as pixel location 
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Pq^. an entry value of "0" appears in the sanie column 
y of second mask pattern 260, such as at pixel location 

Pl00,2- 

[0025] Referring yet again to Figs. 2A and 2B. image 
row 210 is printed by nozzle 50 having index number Nq 
in the first printing pass and then over-printed l>y nozzle 
50 having index number Nioo in the seoprid printing 
pass. In this niariner. the conribined effect of mask pat- 
terns 240 and; 250 prpducied by the first and second 
printing passes, respectiyely, allows ail pixels in iniage 
row 210 to be printed. Thus, during tiie first prihtihg 
pass, nozzle No is activated to priM a ptBdeterrnin^ 
portiond ima^e rb^^ using nnaskpa^ slnv 
ilarly. during the iBecbrri 

activated to piiiit-iit^^ rarnfining =• di '^^ iipw 

210 using riwsk jj^ 
nozzles that print over th^^ 

nozzles Nq and Nioo. are assigned to a nozzle group. 
Anothernozzle group may include nozzles N2 and Nio2- 
Yet another nozzle gro^ 
Nigg. It nlay be apprw 
thdt the presem iriviB^ 

of organizing nozzle groups which rnay vary 'depeixling 
on the specific printing mode selected 
" ferent from the exailiiple disposed immediately herein- 
above. Sudi specific printing modes may, for example, 
be number of printing passes, paper transport amount 
after each pass, arxi 

[0026] Befeiringtb Figs. 1v2A arid 2B, the irput digital 
image its trdriismittied;^ to 
computer 90 wtier^n the in j>i4 di^Hai irr^gi^ ; fe 
essed by image processor 100. In this regard, image 
processor 1 00 is capable bf resizing, cropping, tone 
scale tiwisformatiori, color transfbrrnatiort. anid/pr 
toning the irjptS digital image: Moreover, image 
sdr 100 places the input digital ira 
for input tb ink; jet print head 40, which irhage fdrmrt 
may be in the form of separate color planes cornpriising 
the input digital image (for example, yellow, maganta, 
cyan and l>lack color planes); or a plurality of swath 
planes that are each printed during drffererit printing 
passes, as described hereinabove. As described more 
fully hereint>elow. image processor 100 also indudles a 
first algorithm 270 (see Fig; 3) that acquires nozzle per- 
formance information such ias whether nozzles ^ are 
either operative malperfbrming or inoperative. Also as 
described more fully hiereinbelow. image processor i 00 
further includes a second algorithm 370 (see Fig. 6) for 
compensating for any inoperative nozzles 50. These 
algorithms 270 and 370 are used to acquire nozzle per- 
formance information and tb compensate for presence 
of inoperative nozzles 50 by using only operative noz- 
zles 50. 

[0027] Refening yet again to Figs, 1 , 2A and 2B. the 
processed digital image data provided by Image proces- 
sor 100 is transmitted from image processor 100 to the 
prevfously mentioned print head control electronics 80. 
The print head control electronics 80 receives this proc- 



essed digital image data and transforms this data into 
electrical signals tiiat selectively drive (that is, selec- 
tively activate) nozzles 50. These selectively driven noz- 
zles 50 produce output image 20 on receiver 30 by .:^ 
5 printing a plurality of image rows 210 onto receiver 30. 
In addition, motion control electronics 110 controls first 
motor 130/so that print head 40 is controltably trans- 
lated with respect to receiver 30 in order to print each 
image row 210 in first mask pattern 250. In addition, 
10 after eech swatfi plane; 1$ printed, motion control elec- 
tronics 1 10 oohtrblis seoprid motor 170, such that platen 
60 rotates to advance redder 30 in a direction Illus- 
trated by arrow 165. Reiver 30 is advanced in this 
nianner in Older tp'priepare: in the same 

IS nozzlie^ grbufi tor prii^ image mask pattern 

260 on imaSe:f^^^ may be appred- 

■ ated from the d^i^^ hereinabove ttiat a single 
: ihiagiB id^ 20 may be comv 

pletely printed in 3. 4, 6 or ar^r number of such printing 
20 passes, if desired; ^ 

[0028] The deskxiption hereinalxjve was directed to 
tine nominal case where all npzzl^ 50 are operative 
and no nbzzl^s 50 are or inoperative. 

l4owever. some of thesei nozzles 50 in fact may be malp- 
25 ertbrniing or indperaitivib. It is desirable to detect and 
compensate for malperfbrming or inoperative nozzles^ 
50 by activating fully operative nozzles 50, so as to pro-> 
vide high quality output image 20. 
[p029] Referring to Bgis, 1. 2A. 2B and 3. first algo- 
30 rithm 270 for prGvidiriiavrK« information 
begins vtdth detectirig^^ 
; 3tp?crf . 
are detected in a riiariher disclosed fjreseiitiy Next, • 
nozzles 50 are organized into nozzle groups, as at step 
35 320, and as describi^ hereiri^^ Some of the index 
numbers are associated with nr^lper^^ and 
indper^e nozzles 50, while other ones of the index 
numbers Nj are assodatekJ fully operative nozzles 
50. In step 347, these nozzle index numbers Nj repre- 
40 senting either malperforminjg. inoperative or operative 
nozzles 50 are stbriad as nozzle performance informa- 
tion in nozzle performance information source 200. this 
nozzle perfbrmance infbrmation istiien transmitted from 
performance informatfon source 200 to computer 90 
45 where it is processed for use by image processor 100. It 
may be appredated tiiat nozzle perfornrianice Irifbrrna- 
tion source 200 may be stored in an electronic niemory 
connected to computer 90 for storing nozzle indices Nj. 
[0030] As best seen in Rgs. 3 and 4, any inoperative 
so nozzles 50 are detected by an optical detection system, 
generally referred to as 325, comprising a light source 
330 laterally disposed to one side of print head 40 and 
a light sensor 340 laterally disposed to an opposite skJe 
of print head 40. Ught sensor 340 is coupled to nozzle 
55 performance information source 200 for transmitting an 
electrical signal to nozzle performance information 
source 200, as described in more detail presently Light 
source 330. which nr>ay be a laser light source, is colin- 
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early aligned with light sensor 340 and emits a fight 
beam along a light beam path 342 passing adjacent to 
nozzles 50. Of course, light sensor 340, which may be a 
photodiode. receives light emitted t>y light source 330. 
Thus, in order to detect operative nozzles 50. motion 
control electronics 110 translates print head 40 to a 
position between light source 330 and tijght sensor 340, 
so that when an ink droplet 290 is ejected from opera- 
tive nozzle 50. the light beam is intenrupted. VVhen the 
light beam is interrupted in this manner, an dectrical 
signal produced by light sensor 340 causes this nozzle 
50 to be recorded in nozzle perfbrnriahce information 
source 200 as an operative nozzle 50. On the otiier 
hand, rf ink droplQt 290 fails to eject in>m nozzle 5^ 
when nozzle 50 Is activated, then the light beam is uninr 
terrupted and no electiical, signal is product light 
sensor 340. In this lafiiBr ca$e,:ripzzte 50 13 r 
nozzle performance ih^rmation source i^p i^^^ 
erative nozzle 50. Using this information, mask patterns 
250 and 260 are applied tp nozzle groups 
operative nozzles. Mask pattenis 345 ai^ 340 a^^ 
sequently applied to; nozzle groiq^s that Indude iMp^ 
ative nozzles. 

[0031 ] However, some nozzles 50 nriay be iTiali)er- 
fbrming in the sense that ink droplets 290 are ^ec^ed 
but not as intended. Such nozzles are not completely 
"inoperative" and not lully operative". For «carhple, 
some ink nozzles 50 may indeed eject ink droplets 290; 
however, the ink droplets 290 are ejected along a tiajec- 
tory deviating from the droplete* desired trajectory; that 
is, the trajectcMy ncHtnal to a nozzle plajNs (not:S^^ 
belonging to priiithead 40. Other ink nozzles may eject 
ink droplets 290 having ink droplet volumes either less 
than or greater than the desired ink droplet volume. 
Such ink nozzle behavior may lead to artifacts appear- 
ing in output image 20. That is. when such malperfbrnri- 
Ing nozzles 50 are present^ image artifects, such as 
t)anding, will appear in the printed image, thereby 
degrading image quality. As described presently, the 
invention compensates for such malperforming nozzles 
50. as well as for completely failed nozzles, in order to 
obtain a high quality output image 20. 
[0032] Therefore, as best seen in Rg. 5C. a test image 

361 is first printed by a specific print head 40 for acquir- 
ing nozzle performance information. The purpose of 
printed test image 361 is to detect nozzles that are 
malperforming as well as nozzles that have completely 
failed. In this regard, printed test image 361 includes a 
plurality of ink marks, such as lines 362. with each line 

362 being printed by a different nozzle N}. where i = 0 to 
199. For purposes of clarity, test printing results for only 
a subset of all two-hundred nozzles are shown in Rg. 
5C. That is. test printing results only for nozzles N), 
where i « 0 to 19 are shown. 

[0033] Still referring to Rg. 5C. a desired (that is. per- 
fectly formed) line 363 printed by a fully operative nozzle 
N^2 comprises a pturafrty of generally aligned ink dots 
364a of substantially equal size, each ink dot 364a 



being formed by individual ink droplet 290. However, if 
any one of nozzles 50, such as: nozzle N2, completely 
fails to eject ink droplet 290, then a space 365 is 
observed where line desired 363 should be. In addition, 
5 if any one of nozzles 50, such as nozzle M7. ejecte ink 
droplet 290 along an undeslred trajectory, then a line 

366 is displaced frpm its intended location in printed test 
image 361. Moreqyer; if any one of riozzl^^^S^^ as 
nozzle N<i7. ejec^ an .insuffid^^^ 

10 droplet 290. tiien a lighter and thinna* than desired line 

367 is produced:, in this caiser lighter than desired line 
367 conprises ink dots 364b that are smalj^^ than ink 
dots 364a. In additiph, if 

nozzle Nt9. ejects iri^ ink for 

IS Ink drapiet 290^the^^^ 
line 363 is prpd^ 

line 375 oQ!rnprisie$^|i^^ V 
dots 364a. The : nozzle Indices Nj for fully operative, as ; 
well as malperforming nozzles, are stored in nozzle per- , 
20 fbmnance information source 200. 
[0034^ Refeiring again t^ 

nozzles 50 ihctuding art/ completely failed nozzles 50 
can be detected visually or by means of autpmatiif^lly 
operated aiiHpafiatMS (no shown) . VWth regard to visual 

25 detection, an opeiatpr of printer 10 exam^^ 

50 arxl determines the malperforrning nozzles including 
the completely failed nozzles. hJext, the operator nozzle 
index numbers Nj correspprKiing to those nozz^^^ 
ing inkdroplets 290 in an undesirable manner as well as 

^ those nozzles that completely f^l to ejecft ink droplets. 

: The ofi^era^Drlh^ 

90, which stores; the jh^ nqopde p 

information source 200^ On the ptiier hand, with regard 
to detection by means of autpma^cally pperated^^ 

35 ratus, printed test inriage 361 is iniaged by an irnage 
sensor (not shown), preferably integrally connected to 
printer 1 0. The image is then analyzed by at least one pf 
a plurality of iniage pattern reoognition programs well 
known in the art. to detect majperftxitiing nozzles 

40 including completely foiled nozzles. This: infcHrnation is 
then stored in nozzle performance information: source 
200. 

[0035] Referring to Rgs. 4 and 6. it may be appreci- 
ated from the discussion hereinatxTve that previously 

45 mentioned light source 330 and light sensor 340 are 
used to detect cpmptetely failed nozzle 50. Also, it may 
be appreciated from the discussion hereinabdve that 
test image 361 is also used to detect a completely failed 
nozzle 50, as wejl as detecting other malperiorming 

50 nozzles 50. Therefore, if it is desired merely to detect 
completely failed nozzles 50, light source 330 and light 
sensor 340 may be used. Alternatively, test image 362 
may be used to detect completely failed nozzles. An 
advantage of using light source 330 and light sensor 

65 340 to detect a completely failed nozzle 50 is that test 
image 362 need not be printed. This results in a con- 
comitant time savings because time spent printing and 
analyzing test image 362 is avoided. 
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[0036] Rgs. 5A and 5B provide an exemplary illustra- 
tion of how such nnalperfbrmihg arid inbjaierative nozzles 
50 are compen^ted fbr by operative nozzles 50.;ln the 
exanriple descrai>ed presemlyrh isio is assumed to 
be an inoperatiye (that is, failed) nozzle. This nozzle; Nq 
will define a third mask pattern 345 in the first printing 
pass. In this regard, third mask pattern 345 defined by 
nozzle No is illustrated as containing entry values of all 
"O's" (that Is, nozzle Nq inoperative). On the other hand, 
nozzle N|oo is assumed to be an operafive nozzle. This 
nozzle Nioo defines a fourth mask pattern 348 in the 
second printing pass. In this regard, fourth mask pattern 
348 defined by nozzle N^qq illustrated as containing 
entry values of aiif: *1 V (ttiat is, nozzle Nioo opeiktive). 
Thus,:itrn8iybe:ur^ 
in fbuiih maskptft^ri 348 are 
values appeauir^ in^ j^ Tiii^ is, v 

where entry yajUe irfi^^^^^^ 

mask pattern 345, a complementery eritry value of "1" 
apipeaws in thiB^ 6^ "j" for fciairth mask pattern 

348.' ■ 

[0037] Refenihg again to Rgs. 5A and 5B, and as 
described hereinabove, third rnask pattern 345 is illus- 
trated as contaihing entry values of all -0*s" (tfat fe; noz- 
zle No inopeiatiVe) and fourtti niask paMkn 348 is 
illustrated as containing; entry values of all "1 V (that is. 
nozzle -N^iiio o^^ It may be ajii^eciated f ro 
desaiption Hereiriiaib^ that when tfie entry values in 
third mask^ier^^ 

nozzle SOitheihir^ ^ . O) 

will be;printedihja^^ 
imag© valiie ai 

further ajpipreciated from the descrqpition hereinabove, 
that if the entry values in fourth mask pattern 348 are"!" 
fbr a specific bp(9rath^^ then pixel locations 

Pioo j wiirfc)e pririted in the isecbnd pririting pass consist- 
ent witfi the image values for thcfee pixel locations. In 
this ntariner, all pixels for image row 210 are printed 
even though some nozzles 50 are inoperative. Also, the 
combined effect of fourtti mask pattern 348 when over- 
laid orftothird TOSk pattern 345, after completibn of the 
first printing pa^ and second printing pass, allows all 
pixels in irnage row 210 to be printed usinig operative 
nozzlbs Sb in place c* inbpertiti^^ 
[0038] Referring to Figs. 3, 5A and 5B. If nozzle Nq te. 
detected as inoperative in the manner disclosed hereiri- 
above. then third mask pattern 345 for nozzle N© is 
stored in rxuzle information source 200, as at step 347 
of the previously mentioned first algorithm 270. Next, 
the inoperative nozzle 50 having index number Nq is 
disabled, as at step 350 of first algorithm 270. This dis- 
abled nozzle 50 having index numt>er No is illustrated in 
Fig. 5A. wher^n each entry value for each pixel location 
is "0". These entry values of "0" indicate that no pixels in 
image row 210 are printed in the first printing pass. Put 
another way. the printing function of disabled nozzle 50 
having index number Nq (that is, disabled nozzle 50 
having entry values of "0") are reassigned, as at step 



360 of first algorithm 270, to operative nozzle 50 having 
index number Nioo (that is, enabled nozzle 50 having 
entry values of "I"); That is, printing function of disabled 
nozzle fiio is reas^gned to operative nozzle N|oo- Thus, 
5 entry values in image row 21 0 have a value of "1 " during 
ttie second printing pass, so that all unprinted pixels 
associated with inoperative nozzle Nq in tiie first printing 
pass are printed by operative nozzle N-ioo in the second 
printing pass. 

10 [0039] Turning now to Rg. 6, there is shown a second 
algorithm, generally refen^ed to as 370. Second algo- 
rithm 370 illustrates imaging processing steps per- 
ibrmed by image processor 100: In this regard, at step 
380 the iriput image is operated upon in order to resize, 

IS crop, tone scales: halftone, tran^ arid separate 

image row planes for eiach printing pass and each color, 
tt may be appr^sla^^ 100 may 

perform Gtherdi^irikl iniagepreprckjessihg operations, 
as needed: As iiiustrated at step 390. a swath plane 

20 iribtucnhgaplurEdity of image is extracted; that 

i^. all pixel valijes of thie swatti plane are read by image 
processor 100. Next, an image column is extracted from 
the swath plane. as at step 400. An image pixel is then 
extracted from ttiie image column Y (where j = 1 . . . C), 

25 as at step 410. in addition, step 420 d^ermines 
whetilier nozzle 50 falls into a nozzle group containing, 
inoperative nozzles. If all nozzles in a nozzle group are- 
operative, nominal (ti^iat is. regular) mask patterns are 
ajdplied as shown in hgs. 2A and 2B and at s?tep 430, 

30 On the other hand, if nozzles 50 include inoperative 
nozzles, new mask patterns 345 and 348 are applied, 
as at step 440^^ 

repeated for all pixels Py in steps 450 through 470. It 
should be ol>served that first algorithm 270 and second 
35 algorittim 370 preferably reside in computer 90 in 
machine language. 

[q040] It is appreciated from the description herein- 
above that an advantage of the present invention is that 
high quality images are printed although some ink noz- 
40 zles are malperforming or inoperative. This is so 
because pixels tfiat wouW ottienwise be printed by inop- 
erative ink nozzles 50 in af irst printing pass are instead 
printed by operative ink nozzles 50 in a second printing 



46 [0041 ] Another advantage of the present invention is 
that printing costs are reduced. This is so because pur- 
chase of a new print head merely to replace malper- 
forming and inoperative nozzles is virtually avoided. 
[0042] While the invention has been described with 

so particular reference to its prefen-ed embodiments, it will 
be understood by those skilled in the art that various 
changes may be made and equivalents may be substi- 
tuted for elements of the preferred embodiments without 
departing from the invention. Fbr example, printer 10 

65 may include a nozzle purging apparatus In communica- 
tion with each nozzle 50. Such nozzle purging may be 
performed by an ink pump and a vacuum suction 
device. Thus, any malperibrming or inoperative nozzles 



7 



13 



EP0974 467A1 



14 



may be purged before using the invention to compen- 
sate for the inoperative nozzles. This technique has the 
advantage of restoring function of malperformlng ar>d 
inoperative nozzles, if possible, so that a minimum 
number of malperforming and inoperative nozzles need 5 
be compensated for by operative nozzles. In this man- 
ner, printing speed is not significantly reduced. None- 
theless, some of these malperforming and inoperative 
nozzles nonetheless may resist purging operations. 
According to this technique, compensating for such per- to 
manently malperforming and inoperative nozzles by 
using operative nozzles y/oM only occur aft^ any 
unsuccessful purging operationsi 
[0043] As is evident from the foregoing description, 
certain other aspects of the invehtipn are not limited to is 
the particular details of the exanlples illustrated, and it is 
therefore contemplated that other modifications a^ 
applications will occur to those skilled in tiie art it is 
accordingly imended tiiat the claims shall cover aH^ 
modif ications and applications as dp not depart jso 
true SFMrit arKi scope of the inver^^ 
[0044] Therefbre. whatispibvldedi^^ 
and method of compensating for malperforming and 
inoperative ink nozzles in a print head, so that high qual- 
ity images are printed although some Ink nozzles are 2s 
malperforming or inoperative. 

Claims 

1. An ink Jet printer, comprising. 30. 

(a) a plurality of drop-emitter nozzles (50) 
arranged such that a first nozzle is adapted to 
print along a first path substantially the same. 

as a second path previously printed by a sec- 3S 
ond nozzle; arid 

(b) a control (90) adapted to enable saiid first 
nozzle during a portion of the finst path arid to 
enable said second nozzle during a comple- 
mentary portion of the first path, such that said 40 
first or said second nozzle is enabled duririg 
the entirety of the first path, said comrol being 
effective to disable said first or said second 
nozzle during tiie entirety of the first path and 

to enable said first nozzle or said second noz- 45 
zle during the entirety of the second patii. 

2. The printer of daim 1 . further comprising a nozzle 
transport mechanism (120) connected to said rK>z- 
zles for translating said nozzles in a first direction so 
with respect to the receiver, so tiiat said nozzles 
print on a receiver (30) in the first direction. 

3. The printer of claim 32 further comprising a receiver 
transport mechanism (160) engaging said receiver ss 
for transporting said receiver tn a second direction 
with respect to said nozzles, so that said nozzles 
print on the receiver in the second direction orthog- 



onal to the first direction. 

4. The printer of claim 1 . wherein said control is capa- 
ble of electrically driving said nozzles to eject ink 
droplets therefrom. 

5. A print head, cornprising: 

(a) a plurality of nozzles, at least one of said 
nozzles t>eihg inoperative and at least another 
one of said nozzles being operative; and 

(b) a ppnputer (90) connected to said nozzles 
fbr reHEiiSsigniiild prM inoper- 
ative nozzle: to sakii opeiBtive riQ^ 

6. The print head of daim 5, furtiier comprising a 
detectiori system 

det^ihg sajd in^ 

7. The print head: of^ d 6; wherein saki detectidn 
system kayrl^c^ 

8. A method of aM^'^ing :^ printer. ^1^^ 
steps of: 

(a) providing a plurality of drop-emitter nozzles 
ranged such tiiat a first nozzle is adapted to 
print alprig ia first path substantisdly the s^ 
as a second ipadh previously printed tiy a siec- 
ond nozzle; aridi 

(b) providing :a oohtrol £uJapted to ena^ 

first nozzle during a portion of the f Irst jp^th arid 
to enable said se^ nozzle during a ppmple- 
menilary portion of the first patii, such that said 
first or said second no2^l<9 is enabled during 
the enjdre^ibf the path, saKl control being 
effective to^^d^ said first or said second; 
nozzle during ttie entirety of the first^^F^^ 
to enable said firist nozzle or said secpi^ 
zle during the entirety of the second path. 

9. The method of daim 8> further .GO 

of connecting a mzzle trarispprt 'mediiEm 
nozzles fbr trarvslating the nozzles tn:a:f irst direql^n 
with respect to the receiver, so tiiat the nozzles priirrt 
on the receiver in ttie.f irst direction. 

1 0. The method of claim 9. further comprising the step 
of engaging a receiver tiansport mechianism with 
the receiver for transporting the receiver in a sec- 
ond direction orthogonal, with respect .to the print 
head, so that the nozzles print on the receiver in the 
second dtrectfon orthogonal to the first direction. 

1 1 . The method of daim 8, wherein the step of connect- 
ing a control comprises the step of connecting a 
contioi capable of electrically driving the nozzles to 
ejed ink droplets therefrom. 
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12. A method of assembling a print head, comprising 
the steps of : 

(a) providing a plurality of drop-emitter nozzles 
arranged such that a first nozzle is adapted to 5 
print aloHg a fii^ piath sulastanti^y tfie same 
as a second path previously printi^ by- a sec- 
ond nozzle; and 

(b) providing a control adapted to e^^ said 
first nozzle during a portion of th^ first path and io 
to enable said second nozzle during a complex 
mentary portibn <^ the first path. siKiih that 

first or said seobnd nozzle is eriabled: during 
the entirety of :the first path, said control being 
effedh/e tb disedjile^^^^i^ is 
nozzle diiririig the entirety of the ^rst path to 
enable saiKj; first riozzle or said second noude 
during the entirety of the second pa0i. 

13. A method of assembling a print head for printing an 20 
image on a receiver, pomprisihg this steps of: 

(a) coupling an optical dietection' system to a 

plurality of nozzles for optically detecting: irx^ 

erative ndzideSi a proportion of the nozzles 2S 

bein^ inoperative arid a rernalning prop^ 

the nozzles beinig^ d^ 

p) connecting a conputer tothe i^ 

tibn ^sterii;fbr re 

inbpeirativiericz^ 30 
that the operative nozzles compensate for the 
inoperative nozzles in order that ^e image is 
printed on the . receiver by the operative noz- 
zles. 
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